The Douala-Edea reserve mangrove is the largest mangrove area in a national park in Cameroon. It has an area of about 272.79 km2 (Findi, 2015) and is subjected to substantial anthropogenic impact through intensive harvest of mangrove wood and fishery. In order to integrate available information on biomass, catches, food spectrum and dynamics of the main species populations of the system, a trophic steady state model of 21 compartments was constructed using the ECOPATH II software (Christensen & Pauly, 1992). About eighty percent of total system biomass is made up by mangroves (Rhizophora spp), which are assumed to cover about 65% of the total area and contribute about 70% to the system's primary production. The remaining biomass is distributed between the pelagic and benthic domains in proportions of 10% and 90% respectively. Through litter fall, mangroves inject the main primary food source into the system, which is either consumed directly by herbivores (principally land crabs) or, when already metabolized by bacteria, by detritus (principally fiddler crabs, Uca spp.). According to the model estimates, energy flow through the fish and shrimp compartments is of relatively high importance for the energy cycling within the system, a finding which is similar to the situation in other mangrove estuaries reported in the literature. The dominance of mangrove epibenthos is attributed to the fact that a large part of the system's production remains within the mangrove forest as material export to the estuary is restricted to spring tides, when the forest is completely inundated. Total system throughput (400.54 t/km²/year) and mean transfer efficiency between trophic levels (13.8%) calculated by the model fit well into the range reported for other tropical coastal ecosystems. The very high gross efficiency of the fishery (catch/net primary production) of 17.4·6% and its low trophic level (2·1) is explained by a high harvesting rate of mangroves and the fact that the main animal resource in the system are the mangrove crabs (Ucides cordatus), which feed at the first trophic level. The model was balanced assuming a turnover rate for the land crabs of P/B=0·44 (P/B: production per unit of biomass) which is possibly low and more realistic, suggesting a situation in which more biomass is being harvested than produced, which hints to an overexploitation of this resource A ranking of the various system components in terms of their contribution to the system function (ascendency sensu Ulanowicz, 1997) revealed that detritus and associated bacteria contribute 27%, mangroves 26%, fiddler crabs and predatory crabs 13%, phytoplankton and zooplankton 10%, mangrove crabs 10%, and the remaining 14 groups 14% to the total ascendency. Summary statistics of the model are given and compared with those of other coastal ecosystems.
Introduction
The Douala-Edea Wildlife Reserve (DEWR) is located in the south western part of Cameroon, in the littoral region between Wouri and Senegal maritime administrative division within the kribi-Douala basin of the Atlantic Ocean ( Figure 1 ). It lie between latitude 3° 14' and 3° 53' north and longitude 9° 30' and 10° 05' East. The study area (160,000 ha), stretches about 100 km along the Cameroon coastline ( Figure 1 ). It's was established as a protected area in 1932 and designated as a wildlife park for scientific purposes in 1971.The local communities in and around the reserve are highly dependent on the mangroves for both subsistence and commercial uses ( Longonje, 2002; Nfotabong-Atheull et al., 2009) . Therefore, mangroves are under severe pressure from anthropogenic activities and natural disaster.
The climate is equatorial type with four seasons, having a horizontal climatogramm due to the forest nature, monthly mean air temperature ranges from 24°C to 27°C to (CWCS, 1998) . Annual precipitation amount to 3000-4000mm (CWCS, 2008) , the dry season spanning November to April, having October with highest rain fall with January being the driest period.
In the wet season, salinity decreases drastically in the mangrove (from about 15-20 to <10 (using the Practical Salinity Scale) in the central part of the study area (Din and Baltzer, 2008 ) less than 30 km away from the ocean.
A socioeconomic evaluation by Longonje (2002) revealed that there is a high degree of interaction between the local residents and the mangrove forest, resulting to significant level of dependency of the local communities on the mangrove resources. The framework of dependence include: fishing and mangrove wood extraction, 75% of the households of the villages in the study area economically depend on the mangrove system. Mangrove wood is used locally for house construction, fishing traps and as fire wood for fish smoking. The amount extracted annually is estimated as roughly 42 839 m³ ( Feka et al 2009) . Further mangrove products of local importance are fish species of the families Lutjanidae, Hepsetidae, Cichlidae, Polypteridae, Clupeidae, Ariidae , shrimps (Penaeus spp., Macrobrachium sp.), the mussels (Mytella sp.) and crabs (Callinectes sp.) ( Findi, 2015) . Unfortunately, catch data are as yet unavailable for these fishery products from the study site. The fact that mangrove products are utilised amongst commercial and subsistence users in the study area, has caused the significant degradation and ecological impact on the mangrove ecosystem. The aim of the present study was to obtain a holistic picture of the Douala-Edea mangrove ecosystem by (a) identifying the main functional groups of the system (species or guilds including harvested resources); (b) quantifying their respective stock sizes, productivities and harvest rates and (c) tracing and quantifying the biomass flows through the system. We thus constructed a first steady-state-model of trophic flows of the system. As input data, available information from literature was used. For those system compartments, for which essential data are still lacking, additional information was taken from reported studies on other mangrove systems. 
Materials and Methods

Modelling approach
For the model construction, the ECOPATH II software of Christensen and Pauly (1992) was used, which combines an approach of Polovina (1984) for estimation of biomass and food consumption of the various ecosystem elements (species or species groups) with an approach proposed by Ulanowicz (1986) for analysis of flows between the ecosystem elements and for the calculation of ecosystem indices. In particular, indices used are 'Total System Throughput (T) ', which reflects the size of the system in terms of the sum of flows through all the individual compartments. This index is regarded as a measure of the 'power' generated within the system. 'Ascendency (A)' represents both, size and organization of the flows, while the 'Development Capacity (C)' is the upper limit to ascendency. The contribution of each system component to the overall system's ascendency can be calculated as well and can be regarded as the 'value' of the respective component for the functioning of the entire ecosystem (Ulanowicz, 1997) . The degree of a system's realized growth, organization and development can be given by the A/C ratio (Ulanowicz & Mann, 1981) , which tends to be low in systems under stress and high in well organized systems. The latter have the tendency to internalize most of their activity, to become relatively independent of external inflows and outflows and are thus tending towards high temporal stability (Baird & Ulanowicz, 1993) . Other indices used to assess maturity include: (a) trophic transfer efficiencies (supposedly higher in mature systems), (b) the production/respiration ratio (P/R=1 for mature systems), (c) the degree of energy cycling which increases with maturity (Odum, 1969) Wolff et al., 1998) , and they will be used in our analysis of the Caete´ Estuary model. In the ECOPATH model, biomass production of a compartment is balanced by predation, non predation losses, and export. Important input parameters are (for each compartment): biomass (B), production per unit of biomass (P/B), consumption per unit of biomass (Q/B) and export (EX). Ecotrophic efficiency (EE).the fraction of the production used within the system (i.e. entering the other compartments),respiration per unit of biomass (R/B) and gross efficiency (GE) are output parameters that are crucial for examining the modelling results. The modeler defines the model structure by a preypredator matrix indicating for each compartment the fractions of the total consumption contributed by each prey source. The core routine of ECOPATH II basically consists in using a set of simultaneous linear equations (one for each group i in the system), i.e.:
Pi_Bi M2i_Pi (1_EEi)_EXi=0 (1) where: Pi=the production of (i) (t/km²/year); Bi=the biomass of (i) (t/km²); M2i=the predation mortality of (i) (yr_1); EEi=the Ecotrophic Efficiency of (i) (fraction of 1); 1_EEi=the ' other sources of mortality ' (yr_1); EXi=the export of (i) (t/km²/year).
Thus, the total production by group (i) is balanced by predation from other groups (Bi*M2i), by non predation losses (Pi(1_EEi)), e.g. sedimentation, and losses to other systems (EX), e.g. emigration and fishery. Since production is more conveniently estimated from the production/biomass ratio (PB) and the average annual biomass (B), it is expressed as (Pi=Bi*PBi). Predation mortality depends on the activity of the predator and can be expressed as the sum of consumption by all predators (j) preying upon group (i), i.e.
(Bi*M2i)=_jBj*QBj*Dcji (2) where: QBj=consumption/biomass ratio of the predator j (yr¹) and DCji=fraction of the prey (i) in the average diet of predator j. Equation (1) can be re-expressed as:
Bi*PBi*EEi__jBj*QBj*DCji_EXi=0 (3) Three of the four parameters B, PB, QB and EE have to be set initially for each group. The remaining parameter is computed by the software. Particularly for some lowertrophic level groups, EE is sometimes changed by the program, even when P or PB are treated as initial unknowns. QB of a compartment can also be calculated by the model and treated as an unknown in initial parametrization. For further details of the ECOPATH-model structure see Christensen and Pauly (1992) .
Selection of model groups (compartments)
As a first step in model construction is the identification of the model compartments .for this study the model groups was based on either functions or ecological similarities or both, other value driven criteria like commercial status or importance to the local communities and, available information on biomass, turnover (P/B) rates, consumption rates (Q/B), for the species/groups of the system was assembled from literature. Species of similar sizes, diets, consumption rates, mortality and production rates were grouped within a compartment . Table 1 show the main elements of each of the 21 compartments and gives the values that were taken as initial input into the model.
Ecopath input parameters
The input parameters for each group were: the biomass (B), the production/ biomass ratio (P/B), the consumption/ biomass ratio (Q/B) and ecotrophic efficiency (EE). The parameters values were estimated from the field or extracted from literature, either from studies done within a similar mangrove ecosystem (in Central Atlantic region) or on the West Africa continental shelf.
Information to set the diet matrix was taken from literature sources except for crabs groups where stomach content analysis was done. The degree of confidence, that the parameters values were appropriate for Cameroon is expressed through the data pedigree coding option.
In our model, detritus includes associated bacteria. Detritivores are thus considered to mainly feed on bacteria. As the model uses detritus as a non-living group (without production and consumption), bacterial production is not considered in our model. We opted for not using an extra Licensed Under Creative Commons Attribution CC BY bacteria compartment because bacteria would overshadow other trophic flows of the system tremendously (Christensen & Pauly, 1993) . In addition, quantitative data or reasonable estimates on production and biomass of bacteria were not available. A further reason was that most trophic models do not include bacteria, so that a comparison between these and our model becomes easier.
For the biomass t/km 2 , some of the values of Table 1 had to be derived from own estimates, as published information was not available. (a) The biomass estimates for mangrove was determined from 10 months field observations, allometric relations from sample data with diameter at breast height (dbh) was used (b) Crabs biomasses was our estimate (Longonje, 2008) , Biomass for birds was estimated by multiplying the average wet weight of the given species by the average bird abundance (Hoyer and Canfield, 1994). The abundance was obtained from averaging the total species encountered during the survey, while the average wet weight were taken from literature (c) Information on phytoplankton , zooplankton biomass was from literature. A mean biomass conversion ratio of 0.59 ± 0.08 reported by Gate et al. (1982) was used to convert dry weight to wet weight. (d) Fish biomass was estimated by 'sweep area' method used to determine the density of the fish per sqaure kilometers (km²) reported by Sherman (1994) . With this given a mean weight to be W and A to be the area swept, then:
W= the catch weight per week, A= average area covered during the fishing trip (approximated to be 60% of the entire mangrove area = 11.9 km²). Q= efficiency of the net, or catch cofficient representing the amount of the fish caught by the fisher man relatively to the amount that escaped being caught. In this case, Q was estimated as 60%.
A 1 = the area surveyed which equaled the total area (approximately 1306.24 km²).
The P/B ratio of fish is equivalent to total mrtality (Z) which is estimated as the sum of natural mortality (M) and fishing mortality (F) given as: Where by: W ∞ (or asymptotic weight) = mean weight that the individuals of a population would rech if it were to grow indefinitely. T'is the mean environmental temperature expressed as 1000 / (°C+273.15); A = the aspect ratio of the caudial fin and its surface area, 'h'= and 'd'are dummy variables, indicating herbivores (h=1, d=0) and carnivores (h=0, d=0).
Data was derived by imputing the total length of the species into the fishbase.org and recalculations done so as to reboot the values (Sources: field survey, 2015; fishbase.org.
The value used for of the P/B or Q/B for phytoplankton, zooplankton, birds, Insects, shrimps, crabs, benthos and detritus were from literature.
Balancing the model
The first step in verifying whether the model output was realistic, was to check if the ecotrophic efficiency (EE) was <1·0 for all compartments, as values >1·0 are inconsistent (it is impossible that, under conditions of steady state, more biomass is used than produced by a compartment); if inconsistencies were detected, the B or PB values were adjusted; as a second step, the GE (gross efficiency) and R/A values were checked for their consistency by comparing them with data derived from the field survey carried out by the authors (Longonje,2008 and Findi 2015) and other authors. Some changes of the input values had to be done in order to balance the model. These remained within 15% of the input value, except for the biomass value for predatory mangroves, that was increased by 10% and the P/B values of fishes and birds, were increased by 10%. Figure 2 shows the compartment model for the balanced Douala-Edea wildlife reserve mangrove ecosystem. The nodes area ligned along the y-axis as a function of the estimated trophic level and the area is proportional of the square root of the biomass (except for the detritus compartment). Table 2 summarizes the input values for the final run and those values that were computed by the programme. The diet matrix is given in Table 3 . Table 4 presents the summary statistics, network flow indices and transfer efficiencies calculated for each trophic level. Ninety-percent of the system biomass is comprised by the benthic and 10% by the pelagic domain. The highest food intake is achieved by the fishes (2.4 t/km²) and birds (1.3 t/km²), followed by crabs (1.09 t/km²) and small benthos (1.07 t/km²) and zooplankton (1.01 t/km²). According to the model results, a significant part of the production of most groups is not directly used in the system (seen by their rather low EE-values) and enters the detritus pool, which is used again by many groups (see Table 3 ). The average transfer efficiency of 13.8% calculated for the first four trophic levels ( TL: trophic level, B: biomass (t/km²), P/B: annual production per biomass ratio, Q/B: annual comsumption per biomass ratio, EE: ecotrophic efficiency, P/Q: annual production per consumption ratio, OI: omnivory index. R/A: Respiration / assimilation 8  Birds  -----------------9 Pseudotolithus Polydactyllus quadrifills -
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Discussion
Evaluation of the compartment parameters
The parameter estimates of the programme appear reasonable. The Respiration / assimilation (R/A) for the fishes and crabs compartments (0·99 and around 0·80 ) are within the range reported by Koch (1999) , except for the very low value of 0·55 for Hepsetus odoe .
The lowest R/A values are those for zooplankton, benthos and insect as can be expected as they do not respire most of the assimilated food and production is rather high.
Ecosystem flow characteristics, summary statistics
The model estimate of total system throughput (T), i.e. the sum of all flows (consumption, exports, respiratory flows and flows into detritus) of 4005.4 t/km²/year (Table 4) including mangroves, which is probably the reason for the high T-values in both models. These throughput values are still low, however, when compared to upwelling systems, for which T-values >20 000 t/km²/year have been reported (Jarre et al., 1991; Wolff, 1994) . The system primary production/respiration (P/R) ratio calculated by the model (1·3) ( Table 4) is indicative for a rather undeveloped system (Christensen & Pauly, 1993) , confirmed by the low values for the system ascendency (A) and average transfer efficiency (TE) of 32.5% and 7·8% respectively. Both, A and TE values are at the lower end of the ranges for the 21 trophic models reported in Christensen and Pauly (1993) . Total system biomass (6.4 t/km²/year) is extremely high due to the fact that the mangroves were included as a system compartment. If mangroves were not considered for the biomass estimate, the resulting 0.55 t/km²/year figure fits well within the range of other tropical shelf systems. A system picture emerges in which the biomass and energy fluxes are concentrated in the benthic domain within the mangrove forest, but where a certain degree of benthopelagic coupling also takes place. In trying to valuate the different model compartments in terms of their contribution to the overall system function, Ulanowicz (1997) proposes to calculate and use as a measure the relative ascendancy of each group. In our model detritus (including associated bacteria) contributes 34%, mangroves 19%, fiddler crabs 13%, phytoplankton and microphytobenthos 10%, mangrove crabs 10%, and the remaining 14 compartments 14% to the overall system's ascendency. This confirms the great importance of the forest compartments (mangrove, detritus, detritivores, herbivores) compared to the aquatic compartments of the system studied. The fisheries mean trophic level (2·1) is very low and reflects the fact that the most important resource besides the mangroves, is the mangrove crab which, as a herbivore, feeds on the first trophic level. The high gross efficiency of the total harvest (8·6%) underlines this and clearly shows that a very large part of the system's benthic production is harvested. If mangroves were excluded from this calculation, the resulting fishery efficiency is still higher (0·51%) than in most other models reported by Christensen and Pauly (1993 Wolff, 1994) . Here, the main fishery targets also feed low in the food chain, similar to the mangrove crabs in the Caete´ Estuary. If compared to a trophic model of another mangrove fringed estuary (Golfo de Nicoya, Costa Rica) (Wolff et al., 1998) , an important feature of the estuary ecosystem becomes evident. While in the Golfo de Nicoya, as in many estuarine systems, most energy transfer seems to occur within the water column and/or through benthopelagic coupling, within the Caete´ ecosystem most energy is cycled within the mangrove forest. This seems due to the fact that the largest part of the forest is inundated each fortnight only, allowing for a tight coupling of mangroves, mangrove crabs, the microbial loop and fiddler crabs. The primary energy of the mangroves is thus cycled in form of a positive feedback-loop: the mangrove crabs benefit from the leaf litter production, of which only a small fraction is assimilated (Koch, 1999) , while the remaining part fuels the microbial loop in the detritus compartment, enhancing the food supply for the deposit feeding fiddler crabs. The trees in turn benefit from the activity of the crabs which (a) retain nutrients and energy by consuming most of the leaf litter, (b) increase leaf degradation and nutrient remineralization by almost two orders of magnitude by shredding the leaves (Robertson & Blaber, 1992) and (c) improve soil oxygenation by their burrowing and feeding activities which appears to stimulate mangrove production (Smith III et al., 1991) . Local fishermen report much higher fish catches during favorable seasons which they therefore call (season of the fish). It appears that the increased input of organic matter into the estuary is the cause for the observed high mangrove biomass. If the mangrove plants were depleted by the logging, this will disrupt food supply and production in the aquatic food web. Within the forest, however, the feed back cycle would be disturbed leading finally to a decrease in ecosystem productivity. The populations of crabs (and with it their predators) would also be negatively affected because of the decreased food supply. Local sea-level rise due to global warming might have similar consequences as the inundation frequency of the mangrove forest and the export of organic material to the estuary. 
